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STREAMFLOW AND GROUND—WATER CONDITIONS 


Streamflow decreased in much of the United States and southwestern Canada, but increased in parts of several 
eastern, north-central, and western States, and Alaska, and in the eastern Provinces of Canada, 


Flows were highest of record fcr October in parts of northern British Columbia and southeastern Alaska, and 
lowest of record for the month in parts of Hawaii. 


Monthly mean flows remained in the above-normal range in large areas of the Columbia and Ohio River basins, 


and in the below-normal range.in a large area centered on southwestern Colorado and southeastern Utah. 


Flash flooding occurred in parts of central Texas near monthend. 
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STREAMFLOW 


Above normal 
(within the highest 25 percent 
of record for this month) 
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In normal range 








Below normal 
(within the lowest 25 percent 
of record for this month) 























CONTENTS OF THIS ISSUE: Northeast. Southeast, Western Great Lakes region, Midcontinent, West. Alaska, Hawaii: Basic data reports on 
quality of surface water: Some publications on techniques of ground-water resources investigations: New report: Canyonlands National Park 
Usable contents of selected reservoirs near end of October 1974; Hydrographs of some large rivers, September 1972 to October 1974: Flow of 
large rivers during October 1974; Improvement of trout streams in Wisconsin by augmenting low flows with ground water. 





NORTHEAST 


[Atlantic Provinces and Quebec; Delaware, Maryland, New York, 
New Jersey, Pennsylvania, and the New England States] 


STREAMFLOW INCREASED IN MOST PARTS OF 
THE ATLANTIC PROVINCES AND QUEBEC AND IN 
CONNECTICUT, AND DECREASED IN MARYLAND, 
NEW JERSEY, AND THE NORTHERN NEW 
ENGLAND STATES. FLOWS REMAINED IN THE 
ABOVE-NORMAL RANGE IN PARTS OF RHODE 
ISLAND, MASSACHUSETTS, CONNECTICUT, AND 
NEW JERSEY, AND DECREASED INTO THE BELOW- 
NORMAL RANGE IN EASTERN QUEBEC. 


In Connecticut, where flows increased seasonally at all 
index stations, high carryover flows from September 
contributed to the continuation of above-normal 
monthly mean discharges. The pattern of flow of Mount 
Hope River near Warrenville, in the northeastern part of 
the State, was typical (see graph). In central Vermont, 
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Monthly mean discharge of Mt. Hope River near Warrenville, 
Conn. (Drainage area, 28.6 sq mi; 74.1 sq km) 


monthly mean discharge of White River at West Hartford 
decreased contraseasonally, from the unusually high 
flow of September, but remained in the above-normal 
range for the 4th consecutive month. In the northern 
part of the State, monthly mean discharge of Passumpsic 
River at Passumpsic was greater than median for the 
18th consecutive month. In Rhode Island, the monthly 
mean flow of 160 cfs on Branch River at Forestdale 
(drainage area, 91.2 square miles) was more than 3 times 
the October median, in the above-normal range, and was 
the 4th highest October mean discharge since records 
began in February 1940. High carryover flows from 
September also contributed to the continuation of 
above-normal flow on South Branch Raritan River near 
High Bridge, in northern New Jersey, and Allegheny 
River at Natrona, in northwestern Pennsylvania. 

In part of southern Quebec, and in northern parts of 
New Brunswick and Nova Scotia, monthly mean flows at 


index stations increased seasonally and were above the 
normal range, but in eastern Quebec, flow of Outardes 
River at Outardes Falls decreased contraseasonally and 
the monthly mean discharge was in the below-normal 
range for the first time since September 1973. 

Ground-water levels declined in northern Maine, New 
Hampshire, and Vermont, southeastern Massachusetts 
and Rhode Island, eastern New Jersey, and in much of 
Maryland, Delaware, and Pennsylvania (see map). Levels 
rose in central Massachusetts and adjoining parts of 
Connecticut. Monthend levels remained above average in 
much of central New England and western New York as 
well as in east-central Pennsylvania and the Buffalo- 
Rochester area of northwestern New York. Levels were 
below average in northern Maine and in some wells in 
southwestern New York. Elsewhere in the region, levels 
in most wells were near average for end of October. 


STATUS OF GROUND-WATER STORAGE 
Above normal (within the highest 25 percent 
WN of range of water levels) 


Below normal (within the lowest 25 percent 
of range of water levels) 


I Within the normal range 
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Map above shows ground-water storage near end of October and 
change in ground-water storage from end of September to 
end of October. 


SOUTHEAST 


[Alabama, 
Carolina, 
Virginia | 


Florida, Georgia, 
South Carolina, 


Kentucky, 
Tennessee, 


Mississippi, North 
Virginia, and West 


STREAMFLOW GENERALLY DECREASED SEA- 
SONALLY THROUGHOUT THE REGION EXCEPT IN 
SOUTHEASTERN WEST VIRGINIA AND EXTREME 
WESTERN VIRGINIA, WHERE FLOWS WERE 
SLIGHTLY HIGHER THAN DURING SEPTEMBER. 
MONTHLY MEAN DISCHARGE REMAINED ABOVE 
THE NORMAL RANGE AT ALL INDEX STATIONS 
IN KENTUCKY AND TENNESSEE, AND IN PARTS 
OF NORTHERN MISSISSIPPI, AND REMAINED 
BELOW THAT RANGE IN SOUTH-CENTRAL 
FLORIDA. 





High carryover flows from September contributed to 
the above-normal monthly mean discharges at all index 
stations in Kentucky and Tennessee, and in the Tom- 
bigbee River basin in northeastern Mississippi. In the 
Green and Licking River basins of Kentucky, where 
September mean discharges were more than 20 times 
median, flows decreased seasonally but were more than 
5 times the October medians. In eastern Tennessee, flow 
of Emory River at Oakdale decreased from about 10 
times median in September to 7 times median for 
October. 

In south-central Florida, monthly mean flow of Peace 
River at Arcadia continued in a sharp seasonal decline, 
was only 20 percent of the October median, and was 
below the normal range for the 2d consecutive month 
(see graph). Also in the southern part of the State, flow 
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Monthly mean discharge of Peace River at Arcadia, Fla. 
(Drainage area, 1,367 sq mi; 3,541 sq km) 


southward through the Tamiami Canal outlets, 40-mile 
bend to Monroe, decreased 250 cfs to 90 cfs, 15 percent 
of normal. In southeastern Florida, flow of Miami Canal 
at Miami increased 85 cfs to 235 cfs; 48 percent of 
normal. In the northern part of the State, flow of Silver 
Springs increased 50 cfs to 920 cfs; 92 percent of 
normal. Flows in Suwanee River and Shoal River basins 
decreased seasonally and were in the normal range. 

Elsewhere in the region, flows generally decreased 
seasonally and were in the normal range for October. 

Ground-water levels generally declined in Kentucky, 
North Carolina, Mississippi, Florida (except in some 
southeastern parts of the State), and West Virginia 
(except for rising levels in three southeastern counties). 
Levels declined slightly in the Piedmont of Georgia, and 
generally did not change in the heavily pumped 
Savannah and Brunswick areas. Monthend levels were 
above average in most wells in Kentucky, North 
Carolina, and central West Virginia; and were below 
average in most of Florida and in the eastern one third 
and extreme western parts of West Virginia. 


WESTERN GREAT LAKES REGION 


[Ontario; Illinois, Indiana, Michigan, Minnesota, Ohio, 
and Wisconsin] 


STREAMFLOW DECREASED IN’ WISCONSIN, 
ILLINOIS, INDIANA, AND OHIO, AND INCREASED 
IN THE OTHER STATES AND PROVINCES OF THE 
REGION. MONTHLY MEAN FLOWS REMAINED 
ABOVE THE NORMAL RANGE IN OHIO, AND IN 
PARTS OF INDIANA, ILLINOIS, AND SOUTHERN 
ONTARIO. 


In southern Indiana, monthly mean flow of East Fork 
White River at Shoals decreased seasonally but remained 
in the above-normal range as a result of high carryover 
flow from September and releases from storage in 


upstream reservoirs (see graph). In Ohio, where 
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Monthly mean discharge of East Fork White River at Shoals, 
Ind. (Drainage area, 4,927 sq mi; 12,761 sq km) 


September mean discharges were more than 4 times 
median at the index stations in Little Beaver Creek and 
Scioto River basins, monthly mean flows during October 
also remained in the above-normal range and were more 
than twice the October median flows. In northern 
Illinois, and the adjacent area of southern Wisconsin, 
high carryover flow in Pecatonica River contributed to 
the above-normal flow at the index station at Freeport, 
Illinois, where 26 of the past 27 monthly mean 
discharges have been in the above-normal range. 

In southwestern Ontario, monthly mean flow of 
English River at Umfreville increased slightly anc 
remained above the normal range for the 5th consecutive 
month. In the eastern part of southern Ontario, the 
mean flow of Missinaibi River at Mattice increased 
sharply, was more than twice the October median flow, 
and in the above-normal range. In other parts of 
southeastern Ontario, monthly mean flows varied from 
79 percent of median on Aux Sables River at Massey, to 
200 percent of median on North Magnetawan River near 
Burk’s Falls. 





In northwestern Minnesota, high carryover flow in 
tributaries of Red River of the North held monthly 
mean flow in that stream, as measured at Grand Forks, 
North Dakota, in the above-normal range for the 3d 
consecutive month. Monthly mean flows at that station 
have been in the above-normal range 19 of the past 25 
months. 

Ground-water levels generally declined in Indiana, 
Michigan, Minnesota, and Wisconsin. Levels declined 
slightly in Ohio. Monthend levels in shallow water-table 
wells continued above average in northern Minnesota; 
were near average in Indiana, Michigan, Ohio, and 
Wisconsin; and were below average in southern 
Minnesota. In heavily pumped areas, levels continued to 
fall in the Milwaukee, Wis., industrial area; and con- 
tinued rising in the Minneapolis-St. Paul, Minn., area. 


MIDCONTINENT 

[Manitoba and Saskatchewan; Arkansas, lowa, Kansas, 
Louisiana, Missouri, Nebraska, North Dakota, Oklahoma, 
South Dakota, and Texas] 


STREAMFLOW INCREASED IN PARTS OF 
NORTH DAKOTA, SOUTH DAKOTA, NEBRASKA, 
AND KANSAS, AND GENERALLY DECREASED 
SEASONALLY IN OTHER PARTS OF THE REGION. 
FLOWS REMAINED ABOVE THE NORMAL RANGE 
IN PARTS OF MANITOBA, LOUISIANA, AND 
TEXAS, AND BELOW THAT RANGE IN SOUTH- 
WESTERN NORTH DAKOTA. FLASH FLOODING 
OCCURRED IN PARTS OF CENTRAL TEXAS NEAR 
MONTHEND. 


Streamflow generally decreased seasonally in Texas 
but high carryover flow from September, augmented by 
runoff from October rains, held monthly mean discharge 
at index stations in southeastern and west-central parts 
of the State in the above-normal range. Flow of Neches 
River near Rockland, in the southeast, was more than 7 
times the October median, and on North Concho River 
near Carlsbad, in west-central Texas, monthly mean flow 
was 13 times median. Runoff from intense rains near 
monthend resulted in flash flooding along several 
streams in the north-central part of the State. Storage in 
Twin Buttes Reservoir, near San Angelo, increased 
sharply and at monthend the conservation pool was full 
for the first time since the reservoir was completed in 
1963. 

In northern Louisiana, monthly mean flow of Saline 
Bayou near Lucky decreased seasonally but was 4 times 
the median flow for October and in the above-normal 
range as a result of high carryover flow from September 
(see graph). 

In southwestern Oklahoma, monthly mean flow of 
Washita River near Durwood decreased sharply from the 
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Monthly mean discharge of Saline Bayou near Lucky, La. 
(Drainage area, 154 sq mi; 399 sq km) 


high flow of September, but was greater than the 
October median, and in the normal range. 

In southern Missouri, flow at the index station, 
Gasconade River at Jerome, decreased contraseasonally 
but remained above the normal range as a result of high 
carryover flow from September and runoff from light 
rains during the latter part of October. 

In northwestern Iowa and the adjacent areas of 
Minnesota and South Dakota, monthly mean flow of Big 
Sioux River, as gaged at Akron, Iowa, increased contra- 
seasonally and was in the normal range, after 3 con- 
secutive months of flow in the below-normal range, 
during which period cumulative runoff was only 36 
percent of median (see graph). 
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In the northern part of the region, monthly mean 
flow of Cannonball River at Breien, in southwestern 
North Dakota, increased contraseasonally but was only 4 
percent of the October median and in the below-normal 
range for the Sth consecutive month. In eastern North 





Dakota, monthly mean discharge of Red River of the 
North at Grand Forks increased slightly and remained in 
the above-normal range for the 3d consecutive month, 
primarily as a result of high tributary inflow from 
Minnesota. In Manitoba, monthly mean discharge of 
Waterhen River below Waterhen Lake decreased sea- 
sonally but remained above the normal range for the 6th 
consecutive month. The level of Lake Winnipeg at Gimli 
averaged 716.41 feet above mean sea level, 2.87 feet 
above the long-term October mean, and 0.84 foot lower 
than last month. 

Ground-water levels generally declined in North 
Dakota, Kansas, and Louisiana; and declined slightly in 
Nebraska. Monthend levels were below average in North 
Dakota and Nebraska except for slightly above-average 
levels in parts of northwestern Nebraska. In the rice- 
growing Grand Prairie area of east-central Arkansas, 
levels were unchanged in the shallow aquifer and rose 
9 feet in the deep aquifer (Sparta Sand)——the beginning 
of the annual fall-winter rise following the close of the 
irrigation season. In the industrial aquifers of central and 
southern Arkansas (Sparta Sand), the level rose in key 
observation wells at Pine Bluff and El Dorado; the 
monthend level at Pine Bluff was nearly an alltime 
record low at that site, whereas the level at El Dorado 
was above average. In Texas, levels rose in the Evangeline 
aquifer at Houston and in the bolson deposits at El Paso; 
and declined in the Edwards Limestone at Austin and 
San Antonio. Monthend levels were above average at 
Austin and San Antonio; and below average at El Paso 
and Houston. At Plainview (Ogallala Formation) in 
northern Texas, the level was lowest of record for 
October. 


WEST 


[Alberta and British Columbia; Arizona, California, Colorado, 
Idaho, Montana, Nevada, New Mexico, Oregon, Utah, 
Washington, and Wyoming] 


STREAMFLOW INCREASED IN NORTHERN 
BRITISH COLUMBIA, IN ALL PARTS OF WYOMING, 
AND IN SOME PARTS OF ALL OTHER STATES IN 
THE REGION EXCEPT UTAH. FLOWS DECREASED 
CONTRASEASONALLY IN PARTS OF BRITISH 
COLUMBIA, OREGON, MONTANA, CALIFORNIA, 
COLORADO, AND UTAH, AND INCREASED CON- 
TRASEASONALLY IN PARTS OF ARIZONA AND 
NEW MEXICO. MONTHLY MEAN DISCHARGES 
REMAINED IN THE ABOVE-NORMAL RANGE IN 
NORTHERN BRITISH COLUMBIA AND IN PARTS 
OF THE COLUMBIA RIVER BASIN, AND IN THE 
BELOW-NORMAL RANGE IN SOME PARTS OF 
CALIFORNIA, MONTANA, AND THE FOUR SOUTH- 
EASTERN STATES OF THE REGION. 


Flow increased seasonally and was highest of record in 
Skeena River basin in north-coastal British Columbia, 
where the monthly mean discharge of 72,100 cfs at Usk 
(drainage area, 15,000 square miles), and the daily mean 
of 197,000 cfs on the 10th, were highest for October in 
43 years of record. On Vancouver Island, in south- 
western British Columbia, monthly mean discharge of 
Sproat River near Alberni decreased contraseasonally, 
was only 40 percent of median, and in the below-normal 
range. Flow also decreased contraseasonally in the 


coastal basin of Wilson River, in northwestern Oregon, 
where mean flow near Tillamook was only 15 percent of 
median and below the normal range (see graph), and in 
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Monthly mean discharge of Wilson River near Tillamook, Oreg. 
(Drainage area, 161 sq mi; 417 sq km) 


Smith River basin in north-coastal California, where 
monthly mean discharge near Crescent City was 38 
percent of the October median and in the below-normal 
range for the 3d consecutive month. 

In the Columbia River basin, monthly mean flow, as 
gaged at The Dalles, Oregon, representing runoff from 
237,000 square miles in the northwestern States and 
British Columbia, west of the Continental Divide, 
continued to decrease seasonally but remained in the 
above-normal range for the 3d consecutive month. 

In east-central California, mean flow of West Walker 
River below Little Walker River, near Coleville, also 
continued to decrease seasonally and remained in the 
above-normal range for the 3d consecutive month. 

In northwestern Montana, monthly mean flows in 
Middle Fork Flathead River and Marias River basins, on 
opposite sides of the Continental Divide, decreased and 
were below the normal range as a result of lack of 
precipitation. 

In Idaho, monthly mean flows in Salmon and Snake 
River basins, in central and southern parts of the State, 
respectively, remained above the normal range, but flow 
in Clearwater River basin, in northern Idaho, was below 
that range, reflecting the lack of precipitation in that 
area. 





In southern Utah, monthly mean flows at index 
stations in Beaver, San Juan, and Virgin River basins 
remained below the normal range and were about half 
their respective median flows for October. In the 
northeastern part of the State, monthly mean discharge 
of Whiterocks River near Whiterocks continued to 
decrease seasonally and remained below the normal 
range for the Sth consecutive month. Cumulative runoff 
at that site during the 5-month period was only 53 
percent of median. Also in northern Utah, the level of 
Great Salt Lake fell 0.10 foot during the month (to 
4,199.15 feet above mean sea level), 0.05 foot lower 
than a year ago and 1.65 feet higher than the average 
(1904-72) level for October. 

In southwestern Colorado, monthly mean flow of 
Animas River at Durango increased contraseasonally but 
was only 71 percent of the October median and in the 
below-normal range for the 5th consecutive month (see 
graph). In the south-central part of the State, east of the 
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Monthly mean discharge of Animas River at Durango, Colo. 
(Drainage area, 692 sq mi; 1,792 sq km) 


Continental Divide, mean flow of Arkansas River at 
Canon City decreased seasonally, was below median flow 
for the Sth consecutive month, and was in the below- 
normal range. 

In north-central New Mexico and the adjacent area of 
south-central Colorado, monthly mean discharge of Rio 
Grande, as gaged at Otowi Bridge, near San Ildefonso, 
New Mexico, decreased seasonally, was only 30 percent 
of median flow for October, and remained below the 
normal range for the 5th consecutive month. Cumulative 
runoff at that station during the 5-month period was 32 
percent of median. 

In southeastern Arizona, flow of San Pedro River at 
Charleston decreased seasonally but remained in the 
normal range. Elsewhere in the State, flows at other 
index stations increased contraseasonally and were in the 
normal range except at Salt River near Roosevelt, where 
monthly mean flow increased sharply, from 56 percent 


of median and below the normal range in September, to 
221 percent of median and above the normal range in 
October. 

Storage in major reservoirs in the region decreased 
seasonally but generally was above average at monthend. 
The net decrease in storage in the Colorado River 
Storage Project was 298,900 acre-feet during the month. 

Ground-water levels generally rose in Utah, eastern 
Washington, and in eastern Idaho near Atomic City 
(Snake Plain aquifer). Levels changed only slightly in 
southern New Mexico except for rises near Roswell and 
Deming. Levels fell in Montana, western Washington, 
northern Nevada, and in the Boise Valley near Meridian 
(sand and gravel aquifer) in southwestern Idaho. Month- 
end levels were above average in eastern Washington,the 
Boise Valley and northern parts of Idaho, and most of 
Nevada (other than heavily pumped areas); near average 
in Montana and southern California; near or below 
average in southern Arizona; and below average in 
western Washington, most of Utah (except in extreme 
north and southeast), and in southern New Mexico. 


ALASKA 


Streamflow decreased seasonally at all index stations 
in the State except Gold Creek near Juneau (drainage 
area, 9.76 square miles), in the southeast-coastal area, 
where monthly mean discharge increased contrasea- 
sonally from 179 cfs in September (in the normal range), 
to 302 cfs in October, more than twice the monthly 
median, above the normal range, and highest for October 
since records began in 1946. By contrast, flow of Chena 
River at Fairbanks, in east-central Alaska, decreased 
sharply, was only 47 percent of the October median, and 
remained in the below-normal range for the Sth con- 
secutive month. Cumulative runoff during that 5-month 
period was only 55 percent of median. The low-flow 
period at this station extends from November through 
April. On Kenai River at Cooper Landing, in the 
south-coastal part of the State, where monthly mean 
hows during July and August were below the normal 
range, and September mean flow, augmented by the 
breakout of a glacier-dammed lake, was above the 
normal range, flow decreased sharply during October, 
was less than the October median, and in the normal 
range. In Little Susitna River basin, in south-central 
Alaska, where monthly mean flows have decreased 
steadily since June, and monthly mean discharges during 
August and September were below the normal range, 
flow decreased at a slower rate during October than in 
previous months, and the mean discharge again was in 
the normal range. 





Ground-water levels rose in the Anchorage area in 
both the water-table and the artesian aquifers, and were 
near average for end of October. 


HAWAII 


Streamflow decreased in all parts of the State and 
remained below the normal range at index stations on 
the islands of Hawaii and Maui for the 5th and 6th con- 


October since records began in 1930, and was indicative 
of the continuing drought conditions on the north- 
eastern side of that island. By contrast, intense rains on 
October 15 resulted in moderate flooding on the west 
side of the island. On Maui, the monthly mean 
discharge of 0.26 cfs on Honopou Stream near 
Huelo was only 13 percent of the October median 
and below the normal range for the 6th consecutive 





month, reflecting the long period of below-normal 
rainfall on that island. The historic minimum monthly 
mean discharge for October at that index station, in 
record that began in 1910, was 0.217 cfs in 1933. 


BASIC DATA REPORTS ON QUALITY OF SURFACE WATER 


secutive month, respectively. The monthly mean flow of 
0.24 cfs on Waiakea Stream near Mountain View, in the 
eastern part of the island of Hawaii, was the lowest for 





The four water-supply papers listed below have been published within recent months by the Geological Survey. 
They supplement listings of similar reports in previous issues of the Water Resources Review. These water-supply 
papers contain data on chemical and biological quality, suspended sediment, and temperature of surface waters 
during the 1969 water year (October 1, 1968 through September 30, 1969). The data result from water investiga- 
tions by the Survey, many of which are carried on in cooperation with State, Federal, and other cooperating 
agencies. The part number shown in the title of each report corresponds to the respective region number on the map 
at the bottom of this page. 

Each report is available for purchase at the price shown from the Superintendent of Documents, Government 
Printing Office, Washington, D.C. 20402. 

Quality of surface waters of the United States, 1969, Part 1, North Atlantic slope basins: U.S. Geological Survey Water-Supply Paper 

2141, 449 pages, 1974. $3.30. 

Quality of surface waters of the United States, 1969, Parts 4 and 5, St. Lawrence River basin and Hudson Bay and upper Mississippi 

River basins: U.S. Geological Survey Water-Supply Paper 2144, 367 pages, 1974. $2.80. 

Quality of surface waters of the United States, 1969, Part 11, Pacific slope basins in California: U.S. Geological Survey Water-Supply 

Paper 2149, 349 pages, 1974. $2.70. 

Quality of surface waters of the United States, 1969, Parts 12—16, North Pacific slope basins, Alaska, Hawaii, and other Pacif .. areas: 

U.S. Geological Syrvey Water-Supply Paper 2150, 480 pages, 1974. $3.50. 














SOME PUBLICATIONS ON TECHNIQUES OF GROUND-WATER RESOURCES INVESTIGATIONS 


As part of its continuing appraisal of the water resources of the 
United States, the U.S 


reported upon concepts and methods of ground-water investigations 


Geological Survey has developed and 
for more than 75 years. The comments and list that follow pertain to 


work of the Survey in ground-water hydrology with particular 
emphasis on basic techniques of ground-water investigations. Among 
the earliest published studies were those on the motion of ground 
waters by F.H. King and Charles S. Slichter, published as part of the 
Annual Report for 1897-98. The first 
exposition of principles and concepts was the work of O.I 
titled 


was 


Survey’s comprehensive 
Meinzer 
“The occurrence of ground water in the United States,” 
1923 as Water-Suppiy Paper 489 


oncepts and methods of quantitative ground-water 


which 
published in Subsequent 
development of 
hydrology moved forward rapidly 
by C.\V 


hydraulics 


in the 1940's following several 
Theis and C.k 


of flow in an aquifer and the response of 


landmark 
1940 on the 
ground-water flow systems to water resources development 
by L.K. Wenzel 1942 


mining permeability of water-bearing materials with special reference 


papers Jacob between 1932 and 


A report 


published in described methods for deter- 


to discharging-well methods 
1960. the 


Between 1952 and 
Survey’s Water 


papers a training and operationa 


Water Branch of the 


in-house 


Ground 


Resources Division issued an series of 
tool so as to disseminate useful 
scientific “know-how” to its many field offices and hydrologists. The 
titled Water Notes’ 
ially prepared for the series as well as reprints of 
that they had 
Most of the papers prepare ifically 


later in 1963 in thr 


series Was ‘Ground 


Survey 


significant 


and included papers by 
authors es 


papers published in outside scientific 
journals for the series were 
il Survey Water-Supply 


methods 


published 


Papers that ar ympilation investigative 
determining 
Geol 


{Contains 9 papers.] 


mpiler, 1963¢ ethods of perme 


WSP 


transmissibility, and drawdown: U.S Survey 
Water-Supply Paper 1536-1, p. 243-341 
Bentall, Ray collecting and 


round-water data: U.S. Geol. Survey Water-Supply Paper 


ability 


ompiler, 1963b, Methods of inter 


17 p. [Contains 17 papers.| 
1963c, Shortcuts and special problems in 


Water-Supply Paper 1545—C, 


publicatio that follows contains many of the 


Survey-authore¢ irticles and reports published since 1932 on 


techniques of ¢ nd-water 1 urces investigations and some papers 


definitic Most of the 
Geological Survey 


on concepts and reports listed were 


published by the and are available for reference in 
many of the larger public and university libraries in the United States 
Survey 


nine Survey reports still available 


and at district offices of the *s Water Resources Division. The 


price of th for purchase from the 
Printing Office. Wash- 


in each citation; 


Superintendent of Documents, Government 
ington, D.C. 20402 


all 26 other water-supply papers and professional papers are out of 


is shown after the page number 


therefore no longer available for purchase from the 
Printing Office. Where a reference is made to an article that is in 
Water-Supply Paper (WSP) 1536-1, 1544--H. or 1545 C. the full 
the WSP is given at the end of the preceding paragraph, 
thus reducing the space required in the list below for 
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NEW REPORT: CANYONLANDS NATIONAL PARK 


The U.S. Geological Survey has just published a report on the 
geologic story of Canyonlands National Park of southeastern Utah. 
This park was established in 1964 and occupies a 525-square-mile 
area centered on the juncture of the Green and Colorado Rivers. The 
new report, containing many photographs in color, describes the 
early history of the area as well as the many interesting---—and in 
some instances magnificent——geographic and geologic features. 


The 126-page report, titled as follows, may be purchased for $2.65 
trom the Superintendent of Documents. Government Printing Office 
Washington, D.C. 20402 


The geologic story of Canyonlands National Park. by 
S. W. Lohman: U.S. Geological Survey Bulletin 1327. (GPO 
Stock Number 2401. 02498). 





Provisional data; subject to revision 
USABLE CONTENTS OF SELECTED RESERVOIRS NEAR END OF OCTOBER 1974 


[Contents are expressed in percent of reservoir capacity. The usable storage capacity of each reservoir is shown in the column headed “Normal maximum.” 





Reservoir ] ] Reservoir 
Principal uses | End | End | End |Average} Principal uses: End | End | End |Average 
F-Flood control of | of | of for | F—Flood control of | of | of for 
|—Irrigation Sept.| Oct.| Oct. | end of | Normal |_| I—Irrigation Sept.| Oct.| Oct.| end of Normal 
M—Municipal 1974 |1974| 1973 Oct. | maximum | M--Municipal 1974 |1974|1973} Oct. maximum 
P—Power } | 4 | P—Power 
| 

















R—Recreation Percent of normal 


R—Recreation Percent of normal 
Industrial maximum 


W- Industrial maximum 








NORTHEAST REGION | | MIDCONTINENT REGION | 
NOVA SCOTIA | | NORTH DAKOTA 

Rossignol, Mulgrave, Falls Lake, St Lake Sakakawea (Garrison) (FIPR) - 92| 

Margaret's Bay, Black, and Ponhook | NEBRASKA | 

se tahipoal 38) 41) 48) 38) 223,400 (a) | | Lake MeConaughy (IP) 70| 84| 66 1,948,000 ac-ft 

; QUEBEC , ns OKLAHOMA | | | 

Gouin (P) 6,954,000 ac-ft| | Keystone (FPR) ess ke See 100} | 90} 661,000 ac-ft 

Allard (P) é 280,600 ac-ft| | Lake O The Cherokees (FPR ay 90 | 82 | 1,492,000 ac-ft 

MAINE | |Tenkiller Ferry (FPR) ........... 102 | 88 628,200 ac-ft 

Seven reservoir systems (MP) 70 | 178,489 mcf | | Lake Altus (FIMR) | 32 46 134,500 ac-ft 


| Eufaula (FPR) ; : 97 2| 84 | 2,378,000 ac-ft 
NEW HAMPSHIRE | | | | 
| 














ake Winnipesaukee (P 2 7.200 mef | OKLAHOMA -~-TEXAS 
take Francis ( FPR) - 4) 7 2 5 4'326 el | |Lake Texoma (FMPRW) ... | 101 | 
First Connecticut Lake (P) E | 3,330 mef | TEXAS | 
VERMONT | |Possum Kingdom (IMPRW) ............. 98 | 724,500 ac-ft 

Somerset (P) 59 | ; 2.500 mef | Buchanan (IMPW) te Se 99 | 955.200 ac-ft 
Harriman (P) 7 5 5 5 060 mot | Bridgeport (IMW) 4 Oe 44| 52 386,400 ac-ft 
; ; ai | Eagle Mountain (IMW) 99 | 190,300 ac-ft 
MASSACHUSETTS Medina Lake (1) 254,000 ac-ft 

Cobble Mountain and Borden Brook (MP) ] m 3,394 mcf | |Lake Travis (FIMPRW) .... 2 1,144,000 ac-ft 
| Lake Kemp (IMW) ........ | x » i 319,600 ac-ft 


2,722,000 ac-ft 


2 





NEW YORK 
Great Sacandaga Lake (FPR) 5 ‘ 5 34,270 mef | 


THE WEST 
Indian Lake (FMP) 52 500 mef | | 


: ea 70 | : - ALBERTA 
New York City reservoir system (MW) 4 547,500 mg leat (P) ae 210,000 ac-ft 
NEW JERSEY | | Lake Minnewanka (P) rere, te fi ee | | 199,700 ac-ft 
Wanaque (M) 7 | 7,730 mg j |St. Mary (1) a Pee AP eee | 320,800 ac-ft 
| | 
| 





PENNSYLVANIA #! WASHINGTON | | | ; 
Wallenpaupack (P) 55} 45 6,875 mcf Franklin D. Roosevelt Lake (IP) .........| | | | 5,232,000 ac-ft 
Pymatuning (FMR) | | 8,191 mef Lake Chelan (PR) . 676,100 ac-ft 


. | 
| | | | 
MARYLAND | IDAHO-—WYOMING | | 
Baltimore municipal system (M) : } 83 85,340 me | | Upper Snake River (7 reservoirs) (IMP) .... 4,282,000 ac-ft 
WYOMING | | | 
| Pathfinder, Seminoe, Alcova, Kortes, | 
NORTH CAROLINA Glendo, and Guernsey Reservoirs (1) } 59) 3 : 3,056,200 ac-ft 
Bridgewater (Lake James) (P) ' ] 7 12,580 mef Buffalo Bill (IP) ..... re | 421,300 ac-ft 
High Rock Lake (P) 9 57 10,230 mef | | Boysen (FIP) Sasa | 802,000 ac-ft 
Narrows (Badin Lake) (P) | 5,616 mef | | Keyhole (F) | | J 199,900 ac-ft 
SOUTH CAROLINA | COLORADO | | 
Murray (P) 7 82 | 70,300 mcf | |John Martin (FIR) | | 364,400 ac-ft 
akes Marion and Moultrie (P) ‘ | 2 81.100 mef Colorado— Big Thompson project (1) | 68 2 : 722,600 ac-ft 
Taylor Park (IR) .... a ge 106,000 ac-ft 
ae se 7 75 COLORADO RIVER STORAGE PROJECT 
t | » 5 36 . J AG J 
aaa a Lake Powell; Flaming Gorge, Navajo, and 
GEORGIA : | Blue Mesa Reservoirs (IFPR) io oe 13] 93 31,276,500 ac-ft 
Burton (PR) ‘ - 104,000 ac-ft | | 
) Ss | | | UTAH-—-IDAHO 
ree m= rma gata | 33 abt ott ee on | (Re) ee | 78| 78 | 56 | 1,421,000 ac-ft 
CALIFORNIA | | 
|Hetch Hetchy (MP) .......... 3 | | 360,400 ac-ft 
Lake Almanor(P) ... | 1,036,000 ac-ft 
TENNESSEE VALLEY | | |Shasta Lake (FIPR) ...... 3 3 4,377,000 ac-ft 
Clinch Projects: Norris and Melton Hill | |Millerton Lake (FI) .. | 27} - 503,200 ac-ft 
Lakes (FPR) : 3 39 | 156,000 cfsd | |Pine Flat (FI) .... : 1,014,000 ac-ft 
Holston Projects: South Holston, Watauga, | | Isabella (FIR) bts a2 | 4 2 551,800 ac-ft 
Boone, Fort Patrick Henry, and Cherokec | SPOUIISICNUED «oo cates cas bik eee yew’ | 2 | 1,000,000 ac-ft 
Lakes (FPR) | 52] 7 | 1,452,000 cfsd | | Lake Berryessa (FIMW) Peres 3 1,600,000 ac-ft 
Douglas Lake (FPR) 3 24 | ) 703,100 cfsd | |Clair Engle Lake (Lewiston) (P) K 2,438,000 ac-ft 
Hiwassce Projects: Chatuge, Nottely } CALIFORNIA--NEVADA 


Hiwassee, Apalachia, Blue Ridge, 3 7 Lake Tahoe (IPR) ......... rm & 744,600 ac-ft 
Ococe 3, and Parksville Lakes (FPR) ( 57 | ] 2,200 cfsd 


Little Tennessee Projects: Nantahala | NEVADA - : 
Thorpe, Fontana, and Chilhowe | |Rye Patch (1) . tenes 157,200 ac-ft 
Lakes (FPR) 2 y 5,200 cfsd | ARIZONA——NEVADA ; 

| Lake Mead and Lake Mohave (FIMP)...... 27,970,000 ac-ft 

WESTERN GREAT LAKES REGION \ | ARIZONA 

| co S, 
WISCONSIN | |San Carlos (IP) Foc a : L 1,093,000 ac-ft 

Chippewa and Flambeau (PR) 85} 91 75 15.900 mcf | |Salt and Verde River system (IMPR) . 7 33 | 2,073,000 ac-ft 

Wisconsin River (21 reservoirs) (PR) 71 | 56] 52 2| 17,400 mef | | 

| 


SOUTHEAST REGION 





ALABAMA 
Lake Martin (P) 84 1; Sit .373,000 ac-ft | 


NEW MEXICO 

MINNESOTA | |Conchas (FIR) ........ 

headwater system (FMR) | 29 | 1,640,000 ac-ft | Elephant Butte and Caballo (FIPR) 
= as | — = a —— 


-_ . SSeS 




















. of kilowatt-hours 
METRIC EQUIVALENTS OF UNITS USED IN THE WATER RESOURCES REVIEW 


‘ (Round-number conversions, to nearest four significant figures) 


ot = 0.3048 met | mile = 1.609 kilometres | cubic foot per second (cfs) = 0.02832 cubic metres per second = 1.699 cubic metres per minute 
0.4047 hectare = 4,047 square metres 1 second-foot-day (cfsd) = 2.447 cubic metres per day 
259 hectares = 2.59 square kilometres (sq km) 1 million gallons (mg) = 3,785 cubic metres = 3.785 million litres 
cubic metres | miilion gallons per day (mgd) = 694.4 gallons per minute (gpm) = 2.629 cubic metres per 
28,320 cubic metres minute = 3,785 cubic metres per day 
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HYDROGRAPHS OF SOME LARGE RIVERS, SEPTEMBER 1972 TO OCTOBER 1974 


1972 1973 1974 
D M J S D M J S D 
BERR KM RUDE PAMR EEA A ee ] ss 1 
6. St. Lawrence River at Lake St. Lawrence 
(Drainage area, 299,000 sq mi) 











BRR RRSP ASME DRB MARE URED OM SB 
7. Delaware River at Trenton, NJ | 
(Drainage area, 6,780 sq mi) 





1973 





J S D M J S 
Ul F aye ee Ee Pos are Fe eae ee 
1. Fraser River at Hope, British Columbia 

(Drainage area, 78,300 sq mi) 


TEEELELLOGEEECLIrer 
8. Susquehanna River at Harrisburg, Pa 
(Drainage area, 24,100 sq mi 
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2. Columbia River at The Dalles, Oreg 
(Drainage area, 237,000 sq mi) | 

| | 
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SECOND 


100 TIT Tt 
9. Potomac River near Washington, D.C 
Drainage area, 11,560 sq mi 
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Ti a a, el SS 
3. Mississippi River at Vicksburg, Miss 
(Drainage area. ],144,500 sq mi 
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100 BREST ER LERDRRAG RAP ARARA RARE oS 
FT | 10. Altamaha River at Doctortown, Ga 
(Drainage area, 13,600 sq mi 





THOUSANDS OF CUBIC 





800 FT T hd Aa 
4. Ohio River at Louisville, Ky 
500 (Drainage area, 91,170 sq mi 


DISCHARGE, 


IN 





DISCHARGE, 


Tee eit CeCe Er (bt) ee 
ll. Tombigbee River at Demopolis lock and dam near Coatopa, Ala 
| (Drainage area, 15,400 sq mi | 
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5. Missouri River at Hermann, Mo 
(Drainage area, 528,200 sq mi 
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Provisional data; subject to revision 
FLOW OF LARGE RIVERS DURING OCTOBER 1974 

a  . sae Oe, October 1974 
Change 
in dis- Discharge near 
charge end of month 

from 

previous 
month (cfs) (mgd) 
(percent) 








Mean 
annual Percent 
discharge | Monthly of 
through dis- median 
September! charge | monthly 
1970 (cfs) |discharge, 
(cfs) 1941-70 


0140 St. John River below Fish River at 5,690 9,397 2,701 J —21 2,150 1,400 
Fort Kent, Maine. 
3185 Hudson River at Hadley, N.Y 1,664 2,791 1,069 89 -23 
3575 Mohawk River at Cohoes, N.Y 3,456 5,450 3,047 29 
—4635 Delaware River at Trenton, N.J 6,780 11,360 8,394 -22 
5705 Susquehanna River at Harrisburg, Pa. 24,100 33,670| 10,810 137 42 
~6465 Potomac River near Washington, D.C. 11,560 110,640 2,620 92 —37 
1055 Cape Fear River at William O. Huske 4,810 4,847 1,450 69 75 
Lock near Tarheel, N.C. 
1310 | Pee Dee River at Peedee, S.C ....... | 8,830 9,098] 4,970 -49 
2260 Altamaha River at Doctortown,Ga. | 13,600 13,380 K ak aR 67 —60 
3205 Suwannee River at Branford, Fla....| 7,740 6,775 6,290 137 —36 
-3580 Apalachicola River at Chattahoochee, 17,200 21,690} 10,300 94 —30 
Fla. 
4670 Tombigbee River at Demopolis lock 15,400 21,700 3,455 129 —82 
and dam near Coatopa, Ala. 
4895 Pearl River near Bogalusa, La 6,630 8,533 3,290 —37 
0495 Allegheny River at Natrona, Pa 11,410 118,700 8,120 —28 
~0850 Monongahela River at Braddock, Pa. 1304 111,950 4,050 —56 
1930 Kanawha River at Kanawha Falls, 8,367 12,370 5,655 —8 
W.Va. 
2345 Scioto River at Higby, Ohio 5,131 4,337 1,458 -55 
2945 Ohio River at Louisville, Ky? 91,170 | 110,600} 37,400 —63 22,500 
3775 Wabash River at Mount Carmel, III. 28,600 26,310} 12,090 -50 5,900 
4690 French Broad River below Douglas 4,543 16,528 3,154 —26 
Dam, Tenn. 
0845 Fox River at Rapide Croche Dam, 6,150 4,142 1,400 
near Wrightstown, Wis.2 
4—2643.31] St. Lawrence River at Cornwall, 299,000 | 239,100] 303,300 —4 | 290,000; 187,000 
Ontario—near Massena, N.Y.3 
050115 St. Maurice River at Grand 16,300 24,900} 25,400 19,900 12,900 
Mere, Quebec. 
5—0825 Red River of the North at Grand 30,100 2,439 2,050 2,100 1,400 
Forks N. Dak. 
5—3300 Minnesota River near Jordan, Minn . . 16,200 3,306 317 
5§-—3310 Mississippi River at St. Paul, Minn ... 36,800 110,230 3,359 
5—3655 Chippewa River at Chippewa 5,600 5,062 2,283 
Falls, Wis. 
5—4070 Wisconsin River at Muscoda, Wis .... 10,300 8,457 6,245 Se 
5—4465 | Rock River near Joslin, Ill 9,520 5,288} 4,200 31 
5-—4745 Mississippi River at Keokuk, lowa ... | 119,000 61,210} 32,525 31 
5—4855 Des Moines River below Raccoon 9,879 3,796 505 3 31 
River at Des Moines, Iowa. 
6—2145 Yellowstone River at Billings, Mont. 11,795 6,754 4,154 : 31 
6—9345 Missouri River at Hermann, Mo 528,200 78,480} 51,400 29,400} 28 
7—2890 Mississippi River near Vicksburg, 1,144,500 552,700} 323,100 302,000} 195,000; 30 
Miss.4 
7—3310 Washita River near Durwood, Okla .. e 1,379 771 31 
8—3130 Rio Grande at Otowi Bridge, near 1,30 1,530 144 
San Ildefonso, N.Mex. 
9—3150 Green River at Green River, Utah ... Y 6,369 1,542 31 
11-4255 Sacramento River at Verona, Calif . . . 18,370| 17,000 : ; 28 
13-2690 Snake River at Weiser, Idaho : 17,670 16,100 29 
13—3170 Salmon River at White Bird, Idaho .. t 11,060 5,689 29 
13-3425 Clearwater River at Spalding, Idaho . . 15,320 3,800 29 
14—1057 Columbia River at The Dalles, Orey.5 237,000 194,000} 126,700 5 a 
14-1910 Willamette River at Salem, Oreg .... 7,280 23,370 13,600 27-31 
15—5155 Tanana River at Nenana, Alaska .... 25,600 24,040} 17,740 heee 
8MF'005 Fraser River at Hope, British 78,300 95,300 68,300) : 30 
Columbia. 


Drainage 
Station . . oe area 

" Stream and place of determination 
number (square 





miles) 
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' Adjusted. 

“Records furnished by Corps of Engineers. 

“Records furnished by Buffalo District, Corps of Engineers, through International St. Lawrence River Board of Control. Discharges 
shown are considered to be the same as discharge at Ogdensburg, N.Y. when adjusted for storage in Lake St. Lawrence. 

4Records of daily discharge computed jointly by Corps of Engineers and Geological Survey. 

Discharge determined from information furnished by Bureau of Reclamation, Corps of Engineers, and Geological Survey. 

*The U.S. station numbers as listed in this table are in a shortened form previously in use, and used here for simplicity of tabular and 
map presentation. The full, correct number contains 8 digits and no punctuation marks. For example, the correct form for station 
number 1—3185 is 01318500. 
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SELECTED STREAM-GAGING STATIONS ON LARGE RIVERS 
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Location of stream-gaging stations on large rivers listed in table on page 12. 





WATER RESOURCES REVIEW 


Cover map shows generalized pattern of streamflow for October 
based on 22 index stream-gaging stations in Canada and 
130 index stations in the United States. Alaska and Hawaii inset 
maps show streamflow only at the index gaging stations which 
are located near the points shown by the arrows. 


Streamflow for October 1974 is compared with flow for October 
in the 30-year reference period 1931—60 or 1941—70. Stream- 
flow is considered to be below the normal range if it is within 
the range of the low flows that have occurred 25 percent of the 
time (below the lower quartile) during the reference period. 
Flow for October is considered to be above the normal range if it 
is within the range of the high flows that have occurred 25 
percent of the time (above the upper quartile). 


Flow higher than the lower quartile but lower than the upper 
quartile is described as being within the normal range. In the 
Water Resources Review the median is obtained by ranking the 
30 flows of the reference period in their order of magnitude; the 
highest flow is number 1, the lowest flow is number 30, and the 
average of the 15th and 16th highest flows is the median. 


OCTOBER 1974 


The normal is an average (but not an arithmetic average) or 
middle value; half of the time you would expect the October 
flows to be below the median and half of the time to be above 
the median. Shorter reference periods are used for the Alaska 
index stations because of the limited records available. 


Statements about ground-water levels refer to conditions near 
the end of October. Water level in each key observation well is 
compared with average level for the end of October determined 
from the entire past record for that well or from a 20-year 
reference period, 1951-70. Changes in ground-water levels, 
unless described otherwise, are from the end of September to the 
end of October. 


The Water Resources Review is published monthly. Special- 
purpose and summary issues are also published. Issues of the 
Review are free on application to the Water Resources Review, 
U.S. Geological Survey, Reston, Virginia 22092. 


This issue was prepared by J.C. Kammerer, H.D. Brice, T.H. 
Woodard, J.K. Reid and L.C. Fleshmon from reports of the field 
offices, November 8, 1974, 





IMPROVEMENT OF TROUT STREAMS IN WISCONSIN BY AUGMENTING LOW FLOWS WITH 
GROUND WATER 


The accompanying abstract, map, and graph are from the report, 
Improvement of trout streams in Wisconsin by augmenting low flows 
with ground water, by R.P. Novitzki: U.S. Geological Survey 
Water-Supply Paper 2017, 52 pages, 1973; prepared in cooperation 
with Wisconsin Department of Natural Resources. The report may be 
purchased for $0.55 from the Superintendent of Documents, 
Government Printing Office, Washington, D.C. 20402 (GPO Stock 
number 2401-00305. 


ABSTRACT 


Approximately 2 cubic feet per second of ground water 
were introduced into the Little Plover River (fig. 1) in 1968 
when natural streamflow ranged from 3 to 4 
cubic feet per second. These augmentation flows 
were retained undiminished through the 2-mile 
reach of stream monitored. Maximum stream 
temperatures were reduced as much as 5°F (3°C) 
at the augmentation site during the test period, 
although changes became insignificant more than 
1 mile downstream. Maximum temperatures 
might be reduced as much as 10°F (6°C) during 
critical periods, based on estimates using a 
stream-temperature model developed as part of 
the study. During critical periods significant 
temperature improvement may extend 2 miles or 
more downstream. Changes in minimum DO 
(dissolved oxygen) levels were slight, primarily 
because of the high natural DO levels occurring 
during the test period (fig. 2). Criteria for 
considering other streams for flow augmentation 
are developed on the basis of the observed 
hydrologic responses in the Little Plover River. 

Augmentation flows of nearly 24% cubic feet 
per second of ground water were introduced into 
the headwater reach of Black Earth Creek (fig. 1) 
from the end of June through mid-October 1969. 
Streamflow ranged from 1 to 2 cubic feet per 
second at the augmentation site, and the average 
flow at the gaging station at Black Earth, 
approximately 8 miles downstream, ranged from 
25 to 50 cubic feet per second. Augmentation 
flows were retained through the 8-mile reach of 
stream. Temperature of the augmentation flow as 
it entered the stream ranged from 60° to 70°F 
(about 16° to 21°C) during the test period, and 
minimum stream temperatures were 
raised 5°F (3°C) or more at the aug- 


Xx 
Superior 


Flow augmentation would not be necessary during 
normal conditions in either of the streams studied. Critical 
DO and temperature levels are not known to occur in the 
Little Plover River. Since the construction of secondary 
treatment facilities at the Cross Plains sewage-treatment 
plant, critical DO levels are no longer expected to be a 
problem in Black Earth Creek. However, results from this 
study may be used to estimate the effectiveness of flow 
augmentation in other streams in similar areas in which 
critical DO or temperature levels may occur. 
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Figure 1.—Location of study areas. 





mentation site, with changes extending 
from 2 to 3 miles downstream. Aug- 
mentation during critical periods could 
maintain stream temperatures between 
40° and 70°F (4° and 21°C) through 
most of the study reach. DO levels were 
increased by as much as 2 milligrams per 
liter or more below the augmentation 
site, although the improvement dimin- 
ished to approximately 1 milligram per 


DISSOLVED OXYGEN, IN 
MILLIGRAMS PER LITER 





Range during augmentation 
Sept. 13-17, 1968 





Natural flow 
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liter downstream in the problem reach. 7 
sa ; NOON 

During critical periods DO improvement 

in the problem reach would be some- 

what greater. 


MIDNIGHT NOON 


Figure 2.—Diurnal cycles of DO at monitor site 2 on the Little Plover River before and 


during augmentation. 
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